In order to validate daily growth increments in statoliths of Japanese common squid Todarodes pacificus, squid were reared for 67 days and fed twice with saury fillets which were immersed in tetracycline HCl (TC) solution.
Validation of Daily Growth Increments in Statoliths of
Japanese Common Squid Todarodes pacificus Yoshikazu Nakamura*1 and Yasunori Sakurai*2 (Received April 12, 1991) In order to validate daily growth increments in statoliths of Japanese common squid Todarodes pacificus, squid were reared for 67 days and fed twice with saury fillets which were immersed in tetracycline HCl (TC) solution.
The interval between the first and second oral administrations of TC was 35 days. Two fluorescent marks with TC were observed in the ground and polished statoliths under UV light. The mean number of growth increments between two marks with TC was 34.9(n=17, SD=1.2).
This number corresponded with the number of days elapsed (35 days) between two TC administrations.
It was concluded from this result that growth increments in the statoliths of T. pacificus were formed daily.
There are probably three groups of the Japanese common squid Todarodes pacificus, which is a commercially important species around Japan.1 ) The groups have different spawning seasons (winter, summer and autumn) although considerable overlaps of the spawning areas and migration patterns exists.
2) The life span of this species has been assumed to be one year.2) Because any aging technique for this squid is not established, division of the individuals into the three groups is based on the growth pattern and the season and the timing of sexual maturity.1) If an aging technique for this squid is established, more reliable information on the main spawning period and growth rate for each group will be provided.
In several squids,3-13) growth increments similar to daily growth increments in the otoliths of fishes have been observed in the statoliths, and utilization of the growth increments for age determination has been studied. Validation studies of daily growth increments in the statoliths were performed in Illex illecebrosus,3,4) Sepioteuthis lessoniana,5) Idiosepius pygmaeus,6) and Alloteuthis subulata7) by marking the statoliths with tetracyclines or strontium.
In our previous study,13) it was suggested by marking the statoliths with tetracycline HCl (TC that growth increments in the statoliths of Japanese common squid were formed daily. In this study, we attempt to confirm the existence of daily growth increments in the statoliths of this squid by using an improved marking method with TC.
In addition, alizarin complexone (AC) which is effective in the marking of otoliths of fish14) was used as a marking chemical in this study. To mark statoliths, the squid were fed twice with fillets which were immersed overnight in tetracycline HCl (TC) solution (20g/l distilled water). In addition, the squid were also fed twice with fillets immersed in alizarin complexone (AC) solution (2g/l distilled water). Amounts of TC and AC taken by each squid were varied because the squid were fed liberally with the fillets. The dates of two oral administrations of TC were July 10, corresponding to the 7th day from the beginning of rearing, and August 14 (35-day interval) (Fig. 1) . The dates of AC administra tions were July 31 and August 21 (21-day interval) Squid were sacrificed on the 19th day after th second administration of AC. 
Results
The number of squid survived during the rearing period changed as shown in Fig. 1 , consequently 84 squid died during the rearing period and 5 squid survived the full 67 day period. Those deaths were mainly caused from skin damages, mostly injured the top of fin by dashing themselves aeainst the walls of the tank. When intact statoliths were observed under UV light, two fluorescent yellow-green marks with TC were visible in 24 individuals out of 89 ( Fig.  2A) . The distance between two marks with TC was wide in parts of dorsal dome and rostrum (Fig. 2B ). Fluorescent marks with AC were not observed in any statoliths from the 89 sguid.
Growth increments between two growth increments which respectively correspond to the innermost margins of the first and second marks with TC were discernible (Fig. 3) .
Growth increments between two marks with TC were countable in left and/or right statoliths from 17 squid (Table 1 ). In 10 of 17 squid, growth increments between two marks with TC were countalbe in only one statolith of a pair because of failure in polishing or faint growth increments in the other statolith.
Numbers of the growth increments between the marks with TC ranged from 33 to 37 (Table  1) . The mean and standard devation of the counts in 17 squid were 34.9 and 1.2, respectively. Thus, the number of growth increments between two marks with TC corresponded with the number of days elapsed (35 days) between the first and second administrations of TC.
Discussion
In our previous study,13) the statoliths of Todarodes pacificus were marked with two TC administrations but the two separate marks were not discernible due to overlapping.
Therefore, counting of growth increments for validation was made from the innermost margin of the mark to the edge of statiolith. In that case, two problems remained.
First, if there is a time lag in the deposition of TC to the statoliths, the numbers of growth increments counted will be understimates.
Second, growth increments near the edge of statolith are often difficult to discern. In this study, the concentration of TC solution was decreased to 40% of the previous one, and marking interval with TC was extended from 14 days in the previous study to 35 days. In addition, the rearing period after the second administration of TC was prolonged from 4 days in the previous study to 26 days. Owing to those improvements, two marks with TC were observed in this study, and growth increments between two marks were more discernible than increments near the edge of statolith.
In validation studies of daily growth increments in the statoliths of other squids,3 -7) the statoliths of reared squids were marked once or twice with tetracyclines or strontium to validate. In those studies, the numbers of increments counted for validation and the differences between those counts and the days elapsed after marking were respectively 3-42 and mainly 0-3. Compared with those numbers, the counts in this study (33-37) were rather large and the differences (0-2) were not large. In addition, the rearing period in this study was longer than that in other validation studies in squids, despite that it is generally difficult to maintain an oceanic squid such as T. pecificus over a long term in captivity. The authors consider from the above that validation in this study has a relatively high reliability, and conclude that growth increments in the statoliths of T. pacificus are formed daily, based on the result that the number of growth increments between two marks with TC corresponded with the number of days elapsed between two administrations of TC. 
